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What is claimed is: 

1. A pharmaceutical formulation comprising (1) an 
inner solid particulate phase, and (2) an outer solid 
continuous phase in which partycles of the inner solid 

5 particulate phase are dispersed and embedded, the 

particles of the inner solid /particulate phase comprising 

(a) a pharmaceutical having /a high water solubility; and 

(b) an extended release mat/erial, and the outer solid 
continuous phase comprising an extended release material, 

10 wherein the total extended release material content in 
both the inner solid paxticulate phase and the outer 
solid continuous phas^^ is within the range more than 
about 3 0 by weight of the pharmaceutical formulation. 

2 . The pharmaceutical formulation as defined in 
P 15 Claim 1 which is a biphasic heterogeneous controlled 

release formulation which is designed to release 
pharmaceutical from the particles forming the inner solid 
Cfl particulate phase through the outer solid continuous 

phase xnto the upper gastroxntestmal tract, 
"si 20 3 . The pharmaceutical formulation as defined in 

^ Claim 1 wherein the pharmaceutical is metformin or a 

ij3 pharmaceutically acoeptable salt thereof. 

4 - iThe pharmaceutical formulation as defined in 



Claim 1 wherein the total extended release material 



25 content in aoth the inner solid particulate phase and the 
outer solid continuous phase is within the range from 
about 25 to J^bout 75% by weight of the pharmaceutical 
formulation , 

5. The pharrnax^-^tical formulation as defined in 
Claim 3 wherein tJrie pharmaceutical is metformin 
hydr o^ hi o r i der: 

^ The pharmaceutical formulation as defined in 

Claim 1 wherein the extended release material present in 
the inner solid particulate phase is different from the 
35 extended release material present in the outer solid 
continuous phase. 
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7. The OTiarmaceutical formulation as defined in 
Claim 1 wherein Wne total extended release material 
content in both tpe inner solid particulate phase and the 
outer solid contiguous phase is within the range from 
5 about 30 to about \\65% by weight of the pharmaceutical 
formulation . 

'^^^/^^ The pharmaceutical formulation as defined in 
Claim *^wMerein the inner solid particulate phase 
contains 'from about 5 to about 95% extended release 
10 material based on the weight of the inner solid 

particulate phase, and the outer solid continuous phase 
contains from about 40 to about 100% extended release 
material based on the weight of the outer solid 
continuous phase. 
„^ 9- The pharmaceutical/ formulation as defined in 

df^^/ Claim 3 which when ingested/by a . human reduces maximum 
attained plasma-metformin /concentration (Cmax) by at 
least about 15% (relatiy^ to marketed rapid-release 
metformin formulations/, and increases time to reach 
g 20 maximum metf ormin-pla^sma concentration (Tmax) by at least 

Q about 30% (relative/to marketed rapid-release metformin 

formulations) , whi/Le having an insignificant effect on 
area under the plasma-metformin concentration time curve 
(AUC) and % urinary recovery (UR) of the dose of 
25 metformin (relative to marketed rapid-release metformin 
f ormulatiq/irS ) . 

'he pharmaceutical formulation as defined in 
Claim ^1 comprising metformin in a therapeutically 
effective amount which allows a patient a dosing regimen 
30 of at least one gram metformin, or a pharmaceutically 
acceptable salt thereof, once daily, while providing 
effective ycontrol of plasma glucose. 

Iny "^^^ pharmaceutical formulation as defined in 

Claifm Vo the form of one or more tablets and/or one or 
35 more capsules. 
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Ig*. The pharmaceutical formulation as defined in 
Claim lOj which provides for a dosing regimen of from 
about 1 tOj^ about 3 grams once daily. 

^^r^j/^ The pharmaceutical formulation as defined in 



Clafm in the inner solid particulate phase is in 

the form pf discrete individual particles or granules and 
the outer solid continuous phase is a substantially 
continuous matrix having individual particles forming the 
inner solid particulate phase embedded therein and 
disp^^sed throughout . 

The pharmaceutical formulation as defined in 
Clairrf y^'hhxch when ingested by a human reduces maximum 
attained miasma -metformin concentration (Cmax) by at 
least about 15% (relative to marketed rapid-release 
metformin formulations) , and increases time to reach 
maximum metf ormin-plasma concentration (Tmax) by at least 
about 30% (relative to marketed rapid-release metformin 
formulations) , while having an insignificant effect on 
area under the plasma-metf ormin concentration time curve 
(AUG) and % urinary recovery (UR) of the dose of 
metformin (relative to marketed rapid-release metformin 
f ormuLatiaris ) . 

|/tiff^5. The pharmaceutical formulation as defined in 
Claim Y ^h^^^i^ the metformin is metformin (2:1) 
fumarate. 

16. The pharmaceutical/formulation as defined in 
Claim 1 wherein the pharmace;atical has a solubility in 
water of at least about flOJo mg/ml and a limited window of 
absorption in the upper4gHstrointestinal tract. 

17. The pharmac^Butical formulation as defined in 
Claim 1 wherein the pharmaceutical present in the inner 
solid particulate p^ase is metformin or a 
pharma€:eu^ically srcceptable salt thereof. 

/ '^^^ pharmaceutical formulation as defined in 
Claim 1 wherein the inner solid particulate phase is 
present in a weight ratio to the outer solid continuous 
phase within the range from about 0.5:1, to about 4:1. 
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The pharmaceutical formulation as defined in 
Claim 1 wherein the pharmaceutical is present in the 
inner solid particulate phase in an amount within the 
range from about 10 to about 98% by weight of the inner 
solid particulate phase. 

20. Tme pharmaceutical formulation as defined in 
Claim 1 whereiffi the extended release material present in 
the inner soli^ particulate phase comprises one or more 
hydrophilic polk^ers, one or more hydrophobic polymers 
and/or one or m®re other type hydrophobic materials; and 
the extended rellease material in the outer solid 
continuous phase\ comprises one or more hydrophilic 
polymers, one or more hydrophobic polymers and/or one or 
more other type hwirophobic materials. 

ifr^^^^ The pharmaceutical formulation as defined in 
Claim ^p<rN/merein the extended release material present in 
the inner solid particulate phase comprises one or more 
ionic polymers and the extended release material present 
in the outer solid continuous phase comprises one or more 
non-ionic polymers 

fl^Spg^i The pharmadeutical formulation as defined in 
Claim .^arywherein the ionic polymer comprises sodium 
alginate, carbomer, calaium carboxymethylcellulose or 
sodium carboxymethylcellmlose , and the non- ionic polymer 
comprises hydroxypropylmathylcellulose 2 910 USP, 
viscosity grade ranging from about 4000 to about 100,000 
cps and/or hydroxypropylmdthyl cellulose 2208 USP 
viscosity^^rade ranging from about 3 to about 150 cps. 

The pharmaceutical formulation as defined in 
Claim 1 wherein the inner solid particulate phase has a 
mean particle size within the range from about 30 |im to 
about 0 , 8 mm . 

'^^^ pharmaceutical formulation as defined in 
Claim 1 wherein the inner solid particulate phase 
comprises metformin, metformin hydrochloride, metformin 
succinate (2:1) salt or metformin fumarate (2:1) salt, 
and ethyl cellulose and/or sodium carboxymethyl cellulose 
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and/or glycerylmonostearate and the outer solid 
continuous phase comprises hydroxypropylmethylcellulose 
2208 USP (100,000 ops), and/or 

hydroxypropylmethylcellulose 2910 USP (5 cps) and/or 
microcrystalline cellulose . 

25. The pharmaceutical formulation as defined in 
Claim 1 wherein the phrarmaceutical is a combination of 
metformin or a pharma^eutically acceptable salt thereof 
and another antihyp^glycemic agent and/or a 
hypolipidemic age^^lx . 

26. The pharmaceutical formulation as defined in 
Claim 1 further incliming another antihyperglycemic agent 
and/or a hypolipidemic agent . 

Q^y^'^T^ The pharmaceutical formulation as defined in 
Claim ^^^^^^^^merein the other antihyperglycemic agent is a 
sulfonyl urea, a glucosidase inhibitor, a 
thiazcplidenedione, insulin, or glucogon-like peptide-1. 

tyTA '^'^^ JJ^he pharmaceutical formulation as defined in 
Claim ^rfS^herein the other antihyperglycemic agent is 
glyburide, glipizide, pioglitazone or rosiglitazone . 

29. ThA pharmaceutical formulation as defined in 
Claim 26 whereia the hypolipidemic agent is an MTP 
inhibitor, a sqi^lene synthetase inhibitor, and HMG CoA 
reductase inhibitor, a fibric acid derivative, an ACAT 
inhibitor, a choJ^sterol absorption inhibitor, an ileal 
Na'^^bile cotranspoVter inhibitor, a bile acid sequestrant 
and/or niaotinic a«id or a derivative thereof . 

TTl'^^'fi^y^^ pharmaceutical formulation as defined in 
Claim Jg^-'^herein the hypolipidemic agent is pravastatin, 
simvastatin, lovastatin, atorvastatin, fluvastatin or 
ceriva statin . 

3^.^ yThe pharmaceutical formulation as defined in 
Claim ^^^^^vnerein the metformin is present in a weight 
ratio to the other antihyperglycemic agent or 
hypolipidemic agent within the range from about 0.01:1 to 
about 300:1. 
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A method for preparing the pharmaceutical 
formulamon as defined in Claim 1 in the form of a 
biphasic controlled release delivery system, which 
comprises forming an inner solid particulate phase 
comprising individual particles comprising metformin or a 
pharmaceutically acceptable salt thereof and an extended 
release material and mixing the individual particles 
forming the inner solid particulate phase with an outer 
solid continuous phase comprising an extended release 
material to thereby disperse and embed the individual 
particles forming the inner solid particulate phase in 
the CHi'ter solid continuous phase. 

S^rl 3*^. A biphasic controlled release deliv^y system 
formedMDy the method as defined in Claim 3h 

34 . A mS^thod for treating diabete^ which 
comprises administering once daily to a mammalian patient 
in need of treatment a therapeutically effective amount 
of the formulatiom as defined in Claim 1. 

35. A method for treating diabetes, which 
comprises administering once daily to a mammalian patient 
in need of treatment a therapeutically effective amount 
of a formulation as \def^U^edyin Claim 1. 

36. A method\ f or ft^C^^ting diabetes which 
comprises administeriyig dnce^^daily to a mammalian patient 
in need of treatment \ therapeutically effective amount 
of a formulation as defined in Claim 26. 

37. A method fat lowering insulin resistance, 
which comprises adminisiSering once daily to a mammalian 
patient in need of treatment a therapeutically effective 
amount of the formulation as defined in Claim 1. 

38. A method f or Uowering insulin resistance, 
which comprises administering once daily to a mammalian 
patient in need of treatmeVit a therapeutically effective 
amount of a formulation as\ defined in Claim 3. 

39. A method for loj^ering insulin resistance, 
which comprises administering once daily to a mammalian 
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patient Jin need of treatment a therapeutically effective 
amount ofla formulation as defined in Claim 26- 

40 \ A pharmaceutical formulation comprising 




eutically effective amount which 
sing regimen of at least one gram 
ceutica'I^ly acceptable salt thereof, 
iding effective control of plasma 



metformin 
allows a 
metformin, 
once daily, 
glucose . 

41. The pharmaceutical formulation as defined in 
Claim 40 in t^e form of one or more tablets and/or one or 
more capsules, 

42. The pharmaceutical formulation as defined in 
Claim 40 which provides for ^dosing regimen of from 
about 1 to about 3 grams on^ daily. 

43. The pharmaceutical formulation as defined in 
Claim 40 comprising (1) an inner soZid particulate phase, 
and (2) an outer solid continuousX)hase in which 
particles of the inner solid pai?^iculate phase are 
dispersed and embedded, the pa/ticles of the inner solid 
particulate phase comprising /(a) metformin; and (b) an 
extended release material, ^nd the outer solid continuous 
phase comprising an extended release material, wherein 
the extended release material present in the inner solid 
particulate phase is <±£fferent from the extended release 
material present in t^e outer solid continuous phase-^'^and ^ 
wherein the total extended release material content in 
both the inner so^d particulate phase and the outer 
solid continuousr phase is within the range from about 25 
to about 75% i^fy weight of the pharmaceutical formulation. 

The pharmaceutical formulation as defined in 



35 



Claim J^?fhich is a biphasic heterogeneous controlled 
release formulation which is designed to release 
metformin from the particles forming the inner solid 
particulate phase through the outer solid continuous 
phase into the upper gastrointestinal tract. 
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The pharmaceutical formulation as defined in 
erein the metformin is metformin 
e . 

The pharmaceutical formulation as defined in 
rein the total extended release material 
content ±rt both the inner solid particulate phase and the 
outer solid continuous phase is within the range from 
about 30 to about 65% by weight of the pharmaceutical 
formulation , 

The pharmaceutical formulation as defined in 
Claim V?5^^erein the inner solid particulate phase 
contai"hs from about 5 to about 95% extended release 
material based on the weight of the inner solid 
particuirate phase. 

^^^^j^^T^ The pharmaceutical formulation as defined in 
Claim 43^wnerein the outer solid continuous phase 
-contains from about 40 to about 100% extended release 
material based on the weight of the outer solid 
continuous phase. 

^^^(J^^^^ The pharmaceutical formulation as defined in 
Claim ^^herein the inner solid particulate phase is in 
the form of discrete individual particles or granules and 
the outer solid continuous phase is a substantially 
continuous matrix having individual particles forming the 
inner solid particulate phase embedded therein and 
dispersed throughout. 

50. The phe^^tfaceutical formulation as defined in 
Claim 4 0 wherein^tfhe metformin is metformin 
hydrochloride^ ^.^--^ 

51- The ph^;E^rrraceutical formulation as defined in 
Claim 40 wherpirn the metformin is metformin (2:1) 
f uma ra t e^^^-^^^ 

#^/^^f 1 "^^^ pharmaceutical formulation as defined in 
Claim ^S'wnerein the inner solid particulate phase is 
present in a weight ratio to the outer solid continuous 
phase within the range from about 0.5:1, to about 4:1. 
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The pharmaceutical formulation as defined in 
Claim ^f&^'^fHerein the metformin is present in the inner 
solid particulate phase in an amount within the range 
from about 10 to about 98% by weight of the inner solid 
particulate phase . 

54. The pharmaceutical formulation as defined in 
Claim 43 wherein mhe extended release material present in 
the inner solid paVticulate phase comprises one or more 
hydrophilic polymeAs, one or more hydrophobic polymers 
and/or one or more ®ther type hydrophobic materials;' and 
the extended releaseXmaterial in the outer solid 
continuous phase comf^ises one or more hydrophilic 
polymers, one or more Vhydrophobic polymers and/or one or 
more other type hydrophobic materials, 

i^'p^Sy^ pharmaceutical formulation as defined in 

Claim ^^rwherein the extended release material present in 
the inner solid particulate phase comprises one or more 
ionic polymers and the extended release material present 
in the outer solid continuous phase comprises one or more 
non-ionic polymers . 

^^l^il^S^* The pharmaceutical formulation as defined in 
Claim ^o\;nerein the ionic polymer comprises sodium 
alginate, carbomer, \calcium carboxymethylcellulose or 
sodium carboxymethylcellulose, and the non-ionic polymer 
comprises hydroxyprofwlmethylcellulose 2910 USP, 
viscosity grade ranging from about 4000 to about 100,000 
cps and/or hydroxypropylmethyl cellulose 2208 USP 
viscosity grade ranginq from about 3 to about 150 cps. 

^sjK^^-^?^ pharmaceutical formulation as defined in 

Claim 4^^nerein the inner solid particulate phase has a 
mean particle size within the range from about 30 mm to 
about 0|. 8 mm. 

The pharmaceutical formulation as defined in 
Claim 4^'wherein the inner solid particulate phase 
comprises metformin, metformin hydrochloride, metformin 
succinate (2:1) salt or metformin fumarate (2:1) salt, 
and ethyl cellulose and/or sodium carboxymethyl cellulose 
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and/or glycerylmonostearate and the outer solid 
continuous phase comprises hydr oxypropylme thy 1 cellulose 
2208 USP (100,000 cps), and/or. 

hydroxypropylmethylcellulose 2910 USP (5 cps) and/or 
microcrystalline cellulose, 

59. The pharmaceutical f ormarlation as defined in 
Claim 4 0 further including anothr^ antihyperglycemic 
agent ^and/or a hypolipidemip^gent . 

/LlL'laJr Q^rjxY^Q pharmaceutical formulation as defined in 
Claim ^8^nerein the other antihyperglycemic agent is a 
sulfonyl urea, a glucosidase inhibitor, a 
thiazolidenedione, insulin, or glucogon-like peptide-1. 

Qx'Is^^The pharmaceutical formulation as defined in 
Claim wherein the other antihyperglycemic agent is 
glyburide, glipizide, pioglitazone or rosiglitazone . 

62. Th4 pharmaceutical formulation as defined in 
Claim 59 whereih the hypolipidemic agent is an MTP 
inhibitor, a sqAalene synthetase inhibitor, an^ HMG CoA 
reductase inhibitor, a fibric acid derivative, an ACAT 
inhibitor, a cholesterol absorption inhibitor, an ileal 
Na'^^bile cotranspobrter inhibitor, a bile acid sequestrant 
and/or nicptinic 4cid or a derivative thereof. 

fef^ The pharmaceutical tormulation as detlned ±n 

Claim ^^^■^hBrein the hypolipidemic agent is pravastatin, 
simvastatin, lovastatin, atorvastatin, fluvastatin or 
cerivastatin . 

64. The pharmaceutical fiormulation as defined in 
Claim 4 0 which when ingested bv/ a human reduces maximum 
attained plasma-metf ormin cono^ntration (Cmax) by at 
least about 15% (relative to/marketed rapid-release 
metformin formulations) , an^ increases time to reach 
maximum met f ormin-plasma concentration (Tmax) by at least 
about 30% (relative to marketed rapid-release metformin 
formulations) , while ha\ying an insignificant effect on 
area under the plasma-metf ormin concentration time curve 
(AUC) and % urinary reycovery (UR) of the dose of 
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metformin (rel^ive to marketed rapid-release metformin 
formulations 

65. A ri\ethod for treating diabetes which 
comprises administering once daily to a mammalian patient 
in need of treati\ent a therapeutically effective amount 
of the f ormulatiom as defined in Claim 3. 

66. A methoLd for treating diabetes, which 
comprises administering once daily to a mammalian patient 
in need of treatmenn a therapeutically effective amount 
of a formulation as aefi^^ed ILn Claim 40. 

67. A method \f or tVpa-t^ng diabetes which 
comprises administeritng once d^ily to a mammalian patient 
in need of treatment k therapeutically effective amount 
of a formulation as defined in Claim 59. 

68. A method flor lowering insulin resistance, 
which comprises administering once daily to a mammalian 
patient in need of treatment a therapeutically effective 
amount of the formulation as defined in Claim 3. 

69. A method fo\r lowering insulin resistance, 
which comprises administering once daily to a mammalian 
patient in need of treamient a therapeutically effective 
amount of a formulation as defined in Claim 40. 

70. A method for Uowering insulin resistance, 
which comprises administe:aing once daily to a mammalian 
patient in need of treatment a therapeutically effective 
amount of a formulation as Refined in Claim 59. 

71. A pharmaceutical formulation comprising (1) an 
inner solid particulate phase, and (2) an outer solid 
continuous phase in which;/particles of the inner solid 
particulate phase are jpa/spersed and. embedded, the 
particles of the innerjlr solid particulate phase comprising 

(a) a pharmaceutical /having a high water solubility; and 

(b) an extended release material, and the outer solid 
continuous phase /comprising an extended release material. 
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